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P I  ABSTRACI- 
Structures composed at least partially of an organic 
substrate may be protected from oxidation by applying 
a catalyst onto said substrate for promoting the combi- 
nation of atomic oxygen to molecular oxygen. The 
structure may also be protected by applying both a 
catalyst and an atomic oxygen shielding layer onto the 
substrate. The structures to be protected include space- 
craft surfaces. 
16 Claims, 4 Drawing Sheets 
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1 2 
functional lifetime of the underlying structure. Un- 
checked undercutting ultimately leads to structural 
failure of protected organic substrates. In the case of 
solar arrays, this could lead to limiting the duration of 
ATOMIC OXYGEN PROTEmIVE COATING WITH 
RESISTANCE TO UNDERCUTTING AT DEFECT 
SITES 
5 the mission or the useful life of the solar array. 
ORIGIN OF THE INVENTION U.S. Pat. No. 3,682,100 (Lindberg, Jr.) discloses using 
a heat-dissociable material for layers which alternate The invention described herein was made by employ- 
ees of the U.S. Government and may be manufaciured 
and used by or for the U.S. Government without the 
payment of any royalties thereon or therefor. 
FIELD OF THE INVENTION 
The present invention pertains to protective coatings 
Or shielding layers for retarding oxidation of Polymeric 
and other organic surfaces by atomic oxygen. In partic- 
ular the invention Pertains to coatings and shielding 
layers used to Protect Spacecraft surfaces in ]OW' earth 
orbit from developing large oxidized cavities caused by and/or ions. 
materials. 
with metal layers in a space vehicle nose cone. The heat 
dissociable material is selected from hydrides and silver 
lo oxide. The outer layer is preferably constructed of ce- 
ramic so that upon dissociation of silver oxide, the oxy- 
gen does not oxidize the carrier material, but rises to the 
surface of the nose cone. 
U.S. Pat. No. 3,378,411 (Bergen) discloses inhibiting 
stress corrosion cracking in austenitic stainless steel, 
particularly upon exposure to chloride, by coating the 
steel surfaces with an oxide film containing silver, lead 
atomic oxygen which may cause structural failure Of 2o U.S. pat. No, 4,757,512 (Macken) disclose silver 
oxide as a catalyst for oxidizing carbon monoxide to 
carbon dioxide. There is however, no suggestion of 
protective coatings for aircraft. 
SUMMARY OF THE INVENTION 
BACKGROUND 
Atomic oxygen protective coatings typically include 
SiO, (where x is between 1.9 and 2.0), fluoropolymer- 
filled silicon dioxide films, and A1203. These coatings 25 The present invention protects a structure from oxi- may be deposited as thin films by ion beam sputtering, 
RF magnetron deposition, reactive DC magnetron face of an organic substrate and at least one atomic 
sputter deposition and the like. Protective coatings for Oxygen layer* 
atomic oxygen have been applied Over polyimides, 30 The present invention protects a Structure containing 
graphite epoxy, fluorinated ethylene propylene, and two opposing surfaces from oxidation by providing an 
various forms of carbon (such as pyrolytic graphite and atomic oxygen shielding layer on each of Said surfaces 
carbon-carbon composites). and a catalyst on each of the atomic oxygen shielding 
Abrasion and flexure however, of these protective layers. The catalyst is dispersed in at least one atomic 
coatings lead to defects which are susceptible to oxida- 35 oxygen shielding layer or is provided as a discrete layer 
tion. In addition, defects occur as a result of particulate on at least one of the atomic oxygen shielding layers or 
contaminants contacting the surface of the organic ma- alternatively provides for the catalyst to be dispersed in 
terial; microscopic roughness and undulations on the one atomic oxygen shielding layer while it exists as a 
protective coating surface; and micrometeoroids or discrete layer next to the second atomic oxygen shield- 
other debris which impact on the protective coating in 40 ing layer. 
low earth orbit. These defects enable atomic oxygen to The present invention also protects a polymeric sub- 
react with the underlying organic, polymeric, substrate. strate from oxidation by providing an atomic oxygen 
Atomic oxygen gradually undercuts at defect Sites in shielding layer on a catalytic layer coated on said p l y -  
protective coatings thus oxidizing the underlying poly- mer. 
mer. A cavity is formed with portions of the protective 45 The present invention also protects a polymeric sub- 
coating overhanging this cavity. strate from oxidation by applying a first atomic oxygen 
only about 14% of the incident atomic oxygen will react second atomic oxygen layer on the second 
with the polymer at the bottom of each defect site. Most surface of said substrate and providing a catalyst on at 
of the unreacted atomic oxygen that leaves the organic 50 least one of the atomic oxygen shielding layers in the 
into space. However, as the undercut cavity grows 
larger around each defect, more and more atomic oxy- 
gen, which does not react upon first impact, scatters off 
electron beam evaporation, chemical vapor deposition, dation by providing at least one catalyst on a first sur- 
For 'pacecraft such as polyimide~ shielding layer to one surface of the substrate and a 
surface is ejected Out Of the defect Opening and back form of a dispersion in the shielding layer or a discrete 
The present invention further provides a method for 
the bottom ofthe atomic oxygen shielding layer. As the 55 retarding oxidation in an atomic oxygen shielding layer 
atomic oxygen scatters, it again has an opportunity to protective coating by a Of mate- 
rial on said protective coating, which causes atomic react with the polymeric material. 
U.S. Pat. Nos. 4,560,577, 4,604,181 (Mirtich et al.) Oxygen to combine into diatomic Oxygen. 
and 4,664,980 (sovey et disclose coating a poly- The present invention is also directed to a method for 
substrate with meal oxide to provide protection 60 retarding oxidation of an organic substrate in contact 
from oxidation in low earth orbits. Such metal oxide with an atomic oxygen shielding layer. 
coatings are, however, subject to undercut cavities The protective coatings Of the present invention re- 
caused by atomic oxygen. tard the growth of undercut cavities produced by 
Protective coatings such as the coating disclosed in atomic oxygen contacting organic surfaces. The Protm- 
the '577, '181 and '980 patents do not recombine atomic 65 tive coatings in accordance with the invention prolong 
oxygen. Consequently, the undercut cavities which the lifetime of structural surfaces exposed to atomic 
inevitably form are continuously exposed to atomic oxygen by causing atomic oxygen to recombine into 
oxygen, which results in a dramatic reduction in the diatomic oxygen. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The invention will be more completely understood 
by one of ordinary skill in the art with reference to the 
FIG. 1 shows an organic substrate coated succes- 
sively with a catalyst and an atomic oxygen shielding 
layer; 
FIG. 2 illustrates a preferred location for the catalyst 
layer; 10 
FIG. 3 shows a typical atomic oxygen defect site in a 
protective coating having a concentration of catalytic 
material at the protective coating-organic substrate 
interface; 
is retarded by applying a protective coating to both 
sides of a polymeric sheet; and 
FIG. 5 is a plot of the mass erosion of a polyimide 
protected by a recombinative coating in accordance 
with the invention versus atomic oxygen recombination 20 
probability; 
FIG. 6 shows a reel-to-reel coating system which 
provides a silver oxide interface followed by an SiOx 
protective coating, wherein R F  magnetron sputter 
sources are used to apply the protective coating to a 25 
sheet material. 
drawings, wherein: 5 
FIG. 4 shows how the growth of an undercut cavity 15 
DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 
The present invention provides for protecting a struc- 30 
ture containing an organic substrate, having at least two 
opposing surfaces, from oxidation. The structure may 
be constructed of any type of material so long as a por- 
tion of the structure contains an organic substrate. 
ture comprises an organic substrate 10. The substrate 
has at least two surfaces 12 and 14, wherein at least one 
of the surfaces 12 contains a catalyst 20 which promotes 
combination of atomic oxygen to form molecular oxy- 
gen. The organic substrate 10 is comprised of a poly- 40 
mer. Examples of polymers suitable for use as the or- 
ganic substrate of the present invention include, but are 
not limited to a polyimide, a fluoropolymer, graphite 
epoxy or fluorinated ethylene propylene. Fluorinated 
Catalysts useful in the present invention for promot- 
ing combination of atomic oxygen to form molecular 
oxygen are comprised of a metal. Examples of metals 
useful as catalysts in the present invention include but 
are not limited to silver, hafnium, gold, rhenium, plati- SO 
num and irridium. Preferably, the catalyst is a precious 
metal or precious metal oxide. Examples of metal oxide 
catalysts useful in the present invention include, but are 
not limited to, silver oxide, hafnium oxide, rhenium 
According to FIG. 1, the structure of the present 
invention can further comprise a first atomic oxygen 
shielding layer 15 on the surface 12 of the organic sub- 
strate which contains the catalyst 20. Examples of mate- 
rials from which first atomic oxygen shielding layer 15 60 
can be comprised include, but are not limited to, alumi- 
num oxide, silicon oxide, magnesium oxide, aluminum, 
germanium, indium, tin oxide or other metal or metal 
oxide which is atomic oxygen durable. 
from the atomic oxygen shielding layer 15 which inter- 
faces with organic substrate 10 as shown in FIG. 1. 
Alternatively, the catalyst can be dispersed in the or- 
Referring to FIGS. 1, an oxidation-protected struc- 35 
ethylene propylene is preferred. 4s 
oxide and platinum oxide. 55 
The catalyst can be in the form of a layer 20 distinct 65 
4 
ganic substrate layer 10 itself or within the atomic oxy- 
gen shielding layer 15. 
Catalyst layer 20 has a thickness of about 100 to about 
300 A. First atomic oxygen shielding layer 15 has a 
thickness of$bout 600 to abo>t 1 pm, preferably from 
about lo00 A to about 1500 A. 
FIG. 2 shows a preferred location for the catalyst 
wherein the catalyst is in the form of a layer 75 distinct 
from the atomic oxygen shielding layer 70, and which 
interfaces with substrate 80. 
FIG. 3 illustrates the present invention in accordance 
with FIG. 1 wherein a defect 65 in the oxygen protec- 
tive coating 45 has been cut away by atomic oxygen to 
form undercut cavity 60 and thereby expose a part of 
the polymer substrate 55. While, atomic oxygen enter- 
ing into this undercut cavity 60 may initially react with 
the underlying polymer substrate 55, it can be deflected 
off the polymer to either exit the undercut cavity 60 
through the defect 65 or to contact catalyst layer 50. 
The atomic oxygen reacts with the catalyst layer 50 on 
the overhanging portion 47 of the atomic oxygen shield- 
ing layer 45. Once the atomic oxygen strikes the con- 
centrated layer of catalyst 50, it reassociates with other 
atomic oxygen to be ejected from the cavity 60 through 
defect 65 as diatomic oxygen. 
According to FIG. 4, the structure can further com- 
prise a second atomic oxygen shielding layer 46 on a 
second surface 56 of substrate 55 which contains a cata- 
lyst. The catalyst 50 can be applied to opposing sides 56 
and 58 of an organic substrate as shown in FIG. 4. The 
atomic oxygen shielding layers 46 are provided on op- 
posing sides 56 and 58 of an organic substrate 55, and a 
catalyst layer 50 is disposed between the organic sub- 
strate 55 and each atomic oxygen shielding layer. Thus, 
the catalyst may comprise a layer distinct from the 
atomic oxygen shielding layers on both opposing sur- 
faces. Alternatively, the catalyst may be dispersed in 
both atomic oxygen shielding layers. In addition, it is 
possible to have the catalyst dispersed in the first atomic 
oxygen shielding layer and in the form of a discrete 
layer adjacent to the second atomic oxygen shielding 
layer. 
The advantage of having a protective coating on each 
opposing surface of the organic substrate as illustrated 
in FIG. 4 is that, after atomic oxygen etches through the 
first atomic oxygen shielding layer 45, it begins to form 
an undercut cavity 60 through the organic substrate 55 
by etching through the polymer. The catalyst 50 on the 
second atomic oxygen shielding layer 46 in combination 
with the catalyst 50 on portions 47 of fust atomic oxy- 
gen shielding layer 45 which overhang the undercut 
cavity 60 dramatically increase the probability of di- 
atomic oxygen being formed on fust impact within the 
cavity 60. Here the initial erosion reaction occurs only 
until the polymer 55 is completely eroded to the second 
oxygen shielding layer 46. As a result, the growth of the 
undercut cavity is greatly reduced, thereby extending 
the functional lifetime of a spacecraft blanket or solar 
array made of this material. 
The second atomic 9xygen shielding layer 46 has a 
thickness of $bout 600 A to a b p t  1 lm, preferably from 
about lo00 A to about 1500 A. 
FIG. 5 illustrates the relationship between erosion 
and the probability of atomic oxygen recombining to 
form molecular oxygen. The ordinate (y axis) represents 
erosion as measured in mass after 15 years in orbit over 
the original mass before erosion and the abscissa (x axis) 
represents the probability of oxygen recombination. As 
5 
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shown, a 20% chance of recombination of atomic oxy- 
gen to molecular oxygen as for example is seen with the 
present invention, results in 90% of the mass of the 
protected structure remaining after 15 years. By con- 
trast, only about 45% of a surface without an oxygen 
recombination catalyst, will remain over the same per- 
iod of time. 
The present invention also comprises a method for 
retarding oxidation of an organic substrate having at 
least two surfaces. The method comprises applying to 
the substrate a catalyst which causes atomic oxygen to 
combine into diatomic oxygen upon impact with said 
catalyst. The organic substrate upon which the catalyst 
is applied is comprised of a polymer which is preferably 
a polyimide or a fluoropolymer. The catalyst is a metal 
preferably selected from the group consisting of silver, 
hafnium, gold, rhenium, platinum and imdium and is 
most preferably a metal oxide Selected from the group 
consisting of silver oxide, hafnium oxide, rhenium and 
platinum oxide. 
The method according to the present invention can 
further comprise the step of applying a first atomic 
bxygen shielding layer on the surface of the catalyst. 
The catalyst is deposited by ion beam sputtering, 
electron beam evaporation, magnetron sputtering, 
chemical vapor deposition, reactive sputtering or any 
combination thereof. The catalyst layer i s  preferaFly 
deposited to a thickness of about 100 to about 300 A. 
The first atomic oxygen shielding layer is deposited 
by ion beam sputtering, electron beam evaporation, 
magnetron sputtering, chemical vapor deposition, reac- 
tive sputtering or any combination thereof. The first 
atomic oxygen shielding layer is preferabl deposited to 
The method according to the present invention can 
further comprise adding a second atomic oxygen shield- 
ing layer on a second surface of the substrate which 
contains a catalyst. The second atomic oxygen shiel<ing 
layer can be deposited to a thickness of about 600 A to 
about 1 pm. 
FIG. 6 shows a reel-to-reel coating system for apply- 
ing a catalyst interface and a silicon oxide shielding 
layer. An example of a typical reel-to-reel coating sys- 
tem is disclosed in U.S. Pat. No. 4,604,181 to Mirtich et 
al., the disclosure of which is hereby incorporated in its 
entirety by reference. 
According to FIG. 6, two RF magnetron sources 35 
and 36 are used-one to deposit the silicon oxide, and 
one to deposit the catalyst oxide. A single RF magne- 
tron may be used to deposit both the catalyst and the 
silicon oxide onto the organic sheet 32 which is fed 
between reels 30 and 25 if the target contains a mixture 
of silicon oxide and catalysts. When the protective coat- 
ing is deposited by electron beam evaporation a sepa- 
rate crucible of silver oxide is first evaporated, followed 
by silicon dioxide or silicon monoxide evaporation. 
EXAMPLES 
Example 1 
A fluorinated ethylene propylene substrate of 0.025 
to 0.127 mm thickness is coated with hafnium oxid: 
using sputter deposition until the layer is 100 to 300 A 
thick. Then, a layer of Si02 is deposited by sputter 
deposition to a thickness of between 1000-1500 A. 
a thickness of about loo0 to about 1500 K . 
Example 2 
The process of Example 1 is used to coat a polyimide 
substrate using gold as the catalyst layer and SiO1.9-2.0as 
5 the thin-film protective coating. 
Example 3 
Silicon oxide, in which gold is dispersed, is deposited 
on both sides of a fluorinated ethyleae propylene sub- 
Example 4 
Silicon oxide containing gold dispersed therein is 
deposited on an organic substrate to form a layer of 100 
15 to 300 A thick. Then a layer of Si02 is deposited by 
sputte: deposition to a thickness of between loo0 to 
1500 A. 
Although the present invention has been described in 
connection with preferred embodiments, it will be ap- 
2o parent to those skilled in the art that numerous modifi- 
cations and substitutions are possible without departing 
from the spirit and scope of the invention defined by the 
following claims. 
10 strate to form a layer of 100 to 300 A thick. 
What is claimed is: 
1. An oxidation-protected polymer structure com- 
prising an organic substrate having at least two surfaces 
wherein at least one of said surfaces supports a metal 
catalyst which promotes combination of atomic oxygen 
2. The structure of claim 1, wherein said organic 
substrate is comprised of a polymer. 
3. The structure of claim 2, wherein said polymer is a 
polyimide or a fluoropolymer. 
4. The structure of claim 1, wherein said metal cata- 
lyst is selected from the group consisting of silver, haf- 
nium, gold, rhenium, platinum and irridium. 
5. An oxidation-protected polymer structure com- 
prising an organic substrate having at least two surfaces 
40 wherein at least one of said surfaces supports a metal 
oxide catalyst selected from the group consisting of 
silver oxide, hafnium oxide, rhenium oxide, and plati- 
num oxide which promotes combination of atomic oxy- 
gen to form molecular oxygen. 
6. An oxidation-protected polymer structure com- 
prising 
an organic substrate having at least two surfaces 
wherein at least one of said surfaces supports a 
catalyst layer which promote combination of 
atomic oxygen to form molecular oxygen, and 
an atomic oxygen shielding layer on said catalyst 
layer. 
7. The structure of claim 6, wherein said catalyst 
layer has a thickness of about 100 to about 300 A. 
8. The structure of claim 6, wherein said atomic oxy- 
gen shielding layer is comprised of a material selected 
from the group consisting of aluminum oxide, silicon 
oxide, magnesium oxide, aluminum, germanium, in- 
dium, and tin oxide. 
9. The structure of claim 6, wherein said atomic oxy- 
gen shieldin8 layer has a thickness of about loo0 to 
about 1500 A. 
10. An oxidation-protected polymer structure com- 
prising, 
an organic substrate having at least two surfaces, 
each of which contains a catalyst which promotes 
combination of atomic oxygen to form molecular 
25 
3o to form molecular oxygen. 
35 
45 
50 
55 
60 
65 
oxygen, 
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8 
a first atomic oxygen shielding layer on one of said 
a second atomic oxygen shielding layer on the other 
11. The structure of claim 6, wherein said catalyst 
layer is formed of a metal selected from the group con- 
sisting of silver, hafnium, gold, rhenium, platinum and 
irridium. 
12. The structure of claim 10, wherein said second 
atomic oxygen shielding layer has a thickness of about 
600 A to about 1 pm. 
13. A structure protected from oxidation, comprising: 
i) an organic substrate; 
ii) an atomic oxygen shielding layer; and 
iii) at least one catalyst supported by a surface of said 
substrate which promotes combination of atomic 
oxygen to form molecular oxygen selected from 
the group consisting of a metal and metal oxide, 
said catalyst being in the form of an independent 
layer between said substrate and said atomic oxy- 
gen shielding layer. 
surfaces, and 
of said surfaces of said substrate. 
14. The structure of claim 13, wherein said catalyst is 
selected from the group consisting of silver, hafnium, 
silver oxide, and hafnium oxide. 
15. A structure protected from oxidation comprising: 
ii) a first atomic oxygen shielding layer; 
iii) first catalyst on a first surface of said substrate 
which promotes combination of atomic oxygen to 
form molecular oxygen selected from the group 
consisting of a metal and a metal oxide, said first 
catalyst being in the form of an independent layer 
between said substrate and said first atomic oxygen 
shielding layer; and 
iv) a second catalyst which promotes combination of 
atomic oxygen to form molecular oxygen on a 
second surface of said substrate opposite to said 
first surface of said substrate. 
16. The structure of claim 15, wherein said second 
catalyst is in the form of an independent layer further 
20 comprising a second atomic oxygen shielding layer on 
said second surface, said independent layer of said sec- 
ond catalyst being interposed between said second sur- 
face and said second atomic oxygen shielding layer. 
5 i) an organic substrate; 
10 
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